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(57) Abstract 

Refining of fish waste product so that a concentrate of co3-fatty acid alkyl ester is formed with 20-30% eicosapentae- 
noic acid alkyl ester and 35-50% docosahexaenoic acid alkyl ester (both by weight) free from cholesterol. The co3-concen- 
trate is produced through urea precipitation of the non-co3-fatty acid esters so that the filtrate from the precipitation may 
be extracted by means of hexane for the transmission of the co3-fatty acid esters and the cholesterol to the hexane extract. 
Hexane is thereafter removed. The remaining concentrate of the fatty acid esters with the cholesterol is cooled to a temper- 
ature of not lower than -50°C, whereby the cholesterol is crystallized. The remainder is a co3-concentrate with the composi- 
tion mentioned above. 
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A refined fish oil concentrate and the 
production process for same. 

The present invention concerns a refined fish oil concentrate 
as well as the production process for same. In the refining 
process, cholesterol and useful biproducts such as urea 
adducts of fatty acid compounds are produced, in addition to 
higher unsaturated fatty acids. 

It is known that waste products from the fish refining indu- 
stry contain usable products, among others fatty acids, chol- 
esterol, proteins and enzymes. These are either fat-soluble 
or water-soluble. Such waste products are normally referred 
to as fish entrails. 

Through the processing of fish entrails, the water-soluble 
portion containing proteins and enzymes may be separated from 
the fat-soluble portion. The present invention concerns only 
the fat-soluble portion of the waste products, but it can 
also be used for other refined fish oils such as occur for 
instance in the fish product industry. In the following this 
will be called fish oil product. 

It is known that certain essential fatty acids in fish oil 
have a medicinal effect and are used in the prevention and 
cure of thrombotic illnesses, for instance ischemic heart 
disease. In addition, these compounds lower the cholesterol 
level in the blood. 

Among the above-mentioned fatty acids, the following may be 
specified as suitable for the medicinal purpose referred to: 
eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA). 
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Both fatty acids are a) 3-fatty acids of the C-20 and C-22 
acids. Their nomenclature according to the IUPAC system is: 

for- the eicosapentaensoic acid (EDA) 

cis - 5, 8, 11, 14, 17 - eicosapentaenoic acid ancl for the 
docosahexaenoic acid (DHA) 

C £ S . 4, 7, 10, 13, 16, 19 - docosahexaenoic acid 
which is abbreviated to: 

eicosapentaenoic acid 20:5 aJ 3 and 
docosahexaenoic acid 22:6 u)3 

where 20 and 22 indicate the number of C-atoms in the mole- 
cule of fatty acid, 5 and 6 the number of unsaturated 
bondings, and co3 that the last unsaturated bonding is posi- 
tioned in a distance of 3 carbon atoms from the u> -position. 

Ih the following we will be using the description EPA and 
20:5 U3 for the eicosapentaenoic acid and DHA and 22:6 <*£ for 
the docosahexaenoic acid. 

The fat soluble portion of cod entrails usually contains 
10 - 25% of the essential fatty acid compounds EPA and DHA, 
as well as 2 - 4% cholesterol. The remainder is mainly fatty 
acid compounds with lower unsaturation, such as pure fatty 
acids or their glycerides. 

The purpose of the invention is to separate the essential 
fatty acid compounds from cholesterol and the remaining fatty 
acid compounds. 

Another purpose of the invention is to produce from a 
non-uniform raw material containing marine fatty acids and/or 
esters of these fatty acids, as well as cholesterol as main 
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components after trans-esterif ication with a lower alcohol, 
and under alkaline conditions produce a concentrate con- 
taining the essential <*)3-fatty acid compounds, EPA and DHA, 
as well as isolate the cholesterol and the urea adduct of the 
saturated and lower unsaturated fatty acid compounds, which 
then appear in their own product fractions. 

It has long been known that the easiest way to separate fatty 
acids is by means of extraction or distillation when they 
appear in the form of esters, for instance as methyl or ethyl 
esters. Before treatment, fatty waste products from the fish 
industry must have been subjected to trans-esterification and 
esterification, for instance with methanol for production of 
fatty acid methyl esters. 

This basic material is well suited for further separation of 
essential fatty acid compounds and cholesterol from the 
remaining less important fatty acid compounds. 

In US Patent Publication No. 4.145.446 a method is described 
for precipitation of fatty acid compounds in raw material by 
means of urea. The purpose is to obtain a product containing 
proteins and fats, suitable for fodder. The production of the 
urea adduct is. brought about by having a solution of melted 
urea at 60 - 140° C to which is added melted fatty acid or 
a mixture of fats heated to a temperature of 35-105° so 
that the ratio fat /fatty acids to urea will be from 40/60 to 
60/40 units by weight. 

Another patent, SU 950.393 describes a method for production 
of cholesterol from for instance fish waste products by 
hydrolysing the fatty acid compounds and converting, them to 
soaps. These are then subjected to an extraction of trichlor- 
ethylene at room temperature, whereby the cholesterol is com- 
bined with the trichlorethylene and this compound is then 
subject to further separation. 
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GB 1.240.513 also concerns a separation technique by means of 
urea where the raw material consists of pure methyl and ethyl 
esters of the C 16 -C 18 fatty acids. Urea precipitation 
occurs in a neutral environment with a surplus of the rele- 
vant alcohol. The purpose is to be able to obtain a stronger 
concentration of the V -linolenic acid. The above-mentioned 
fatty acid esters do not contain any higher fatty acids other 
than C-18 in the form of stearic acid, oleic acid, linoleic 
acid and linolenic acid, which after the urea precipitation 
and separation of the urea adduct from the rest of the 
material has obtained a higher content of X -linolenic acid 
by means chromotography. 

The higher unsaturated fatty acid compounds 20:5 u)3 
and 22:6 <tJ3 may be concentrated according to a method 
described in J 59-071396 where the fatty acid compounds men- 
tioned are extracted by means of polar solvents, such as ace- 
tone, methyl ethyl ketone, methanol, ethanol, and similar 
solvents, whereby a soluble and an insoluble extract are 
formed. Thereafter the extract is further processed to obtain 
essential fatty acid compounds. 

According to the invention it now appears possible - in a 
remarkably simple manner - to optimize the procedure to 
increase the concentration of u>3-fatty acid compounds and 
cholesterol by means of a simplified process. This is based 
on a fractionated precipitation of the less interesting fatty 
acid compounds with urea, since urea tends to form an adduct 
with fatty acids which do not belong to the u>3 type. Nor 
does cholesterol form an adduct with urea. The procedure used 
previously was to isolate the fatty acid compounds before 
these were esterified separately, and then they were sub- 
jected to a fractionated precipitation with urea. This proce- 
dure is unnecessary with our invention. 
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A special feature of this process is that fatty acid com- 
pounds are not produced prior to precipitation of urea, but 
precipitate from the same non-uniform mixture of components 
like they are found in the raw material. 

Another special feature is that the precipitation of urea 
takes place in an alkaline environment, and in such a way 
that the alkaline environment is created through applying the 
base only in catalytic quantities such as a catalytic agent 
for the trans-esterification of glycerides to methyl esters 
and not as a means of saponification of the fatty acids. 

A third special feature is that the trans-esterification 
takes place at room temperature. 

A result of trans-esterification at low temperature and in an 
environment with low alkalinity is that isomerization of the 
double compounds is avoided, which results in a more uniform 
product with no toxic effect. At the same time transcon- 
figurations are avoided. The remaining solution is thereafter 
extracted by means of non-polar solvents, among others hex- 
ane, whereby the «J3-fatty acids as well as cholesterol will 
be found in the hexane phase. 

Thereafter the non-polar phase is subjected to evaporation of 
the hexane under moderate conditions, for instance by means 
of- vacuum distillation. The remaining u) 3-concentrate now 
contains all the cholesterol, and it becomes apparent that 
the cholesterol does not dissolve easily in this concentrate 
and may crystallize in cooling. The ^3-concentrate which is 
left will - according to the simplified process invented - 
contain 20 - 30 per cent EPA by weight and 35-50% DHA by 
weight. The rest consists mainly of non-essential fatty acid 
compounds and are not important for our purpose. 
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For a better understanding of the invention, we refer to the 
block diagram in Fig. 1, where each block represents a step 
in the process and is marked with a reference number. The 
flow of the material to and from each block and between the 
blocks is marked by solid and dotted lines. In addition, each 
material is characterized by a letter. 

The basic material is fat and/or fatty acids from fish and 
especially fat and/or fatty acids obtained from the fish 
processing industry in connection with ensilage and or auto- 
catalysis processes, but the process may also be used for 
other forms of marine fat. This fatty raw material is called 
a fish oil product in the claims. 

Such fat/ fatty acids have a high content of saturated, 
unsaturated and polyunsaturated fatty acids with a chain 
length C 18, C 20 and C 22 as well as a certain amount of 
cholesterol, vitamins and other fat soluble products which 
are undefinable, usually characterized as unsaponif iable, as 
well as fatty acid compounds with shorter chain lengths. 

Box 1. 

Fat/fatty acids (A) from fish with a content of i.a. chol- 
esterol, also called the fish oil product, was placed in a 
container for trans-esterification with an alcohol with a low 
boiling point (B), for instance methanol or ethanol, prefer- 
ably methanol, and a catalytic agent as well as auxiliary 
compounds (C) to obtain a faster esterification and 
trans-esterification in order to prevent oxydization and dis- 
coloration. Potassium hydroxide may be used as a catalytic 
agent and in order to prevent oxidization, especially when 
heavy metals are present, such as chromium, iron, cobalt, 
nickel and copper, small amounts of the sodium salt of ethyl- 
enediaminetetra-acetic acid (EDTA-Na^) may be added. The 
esterification and trans-esterification take place under 
moderate conditions and stirring at about 20° C for some 
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hours. The formation of alkyl esters is nearly complete when 
the ester product has changed its appearance from opalescent 
to clear. The clear solution (Dl) therefore contains alkyl 
esters of the fatty acids, glycerol, alkanol, as well as some 
water from the esterif ication of the free fatty acids. 

Box 2. 

The clear solution is then heated to a temperature of 
65-68°C, whereafter a fixed amount of urea (E) and alkanol 
(B) is added and stirred in until everything is completely 
dissolved. The amount of urea depends on the composition of 
the fatty acids so that if the raw material (A) contains 6-8% 
EPA by weight, urea is added in the ratio 3 parts urea by 
weight to 1 part alkyl ester. In order to ensure that the 
components are completely soluble, 9 parts alkanol by weight 
is added. 

When everything is dissolved, the solution is slowly cooled 
to approx. 20° c. An adduct of urea fatty ester (F) is 
crystalllized and then removed by means of for instance 
decanting and filtration, whereafter the filter mass is 
cooled to 0° C in order to crystallize a larger portion of 
the adduct (F) . The adduct is then separated by a known 
method so that the remaining filter mass (G) contains the 
essential fatty acid fractions and the unsaponif iable frac- 
tions . 

Box 3. 

The slightly alkaline filter mass (G) is saturated with hex- 
ane and is extracted by means of this solvent through a known 
technique as for instance by a continuing fluid-to-fluid 
counter current process, whereafter a further quantity of 
adduct of urea fatty ester may be crystallized. By means of 
this extraction two fluids are formed, consisting of hexane 
(I) and a residue (K). 
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Box 4. 

The hexane extract (I), which contains the alkyl-fatty esters 
of the polyunsaturated fatty acids 18:4 a>3, 20:5 «>3-and 
22:6 0)3 as well as cholesterol as the most important com- 
ponents, is washed in a diluted hydrochloric acid (L) in 
order to neutralize possible potassium soaps of the essential 
polyunsaturated fatty acids in the hexane extract. The 
washing water is decanted. 

Hexane (H) is thereafter removed by evaporation of the 
extract (I) so that a concentrate is produced which is free 
from solvents (N) and which contains the compounds that are 
essential for the invention, the fatty acid compounds EPA and 
DHA as well as cholesterol. 

The dehydrated extract normally contains 20-30 % EPA, 35-45% 
DHA, 10-20% other polyunsaturated fatty acids, as well as 
5-15% cholesterol and undefined compounds, all by weight, but 
the composition referred to will depend on the type of fish 
used, the time of year the fish is caught, and the type and 
condition of the raw material. 

Box 5. 

The concentrate of alkyl fatty acid ester (N) is thereafter 
cooled to approx. minus 25° C, whereafter cholesterol (0) 
is crystallized. This is centrifuged/filtered. 
Further impurities which are present in the concentrate (N) 
may be removed by cooling the mixture to a temperature of 
lower than minus 25° C, whereafter certain undefined com- 
pounds are precipitated and filtered by means of a known 
method. The remaining «J 3 -concentrate (P) thus contains 
20-35% EPA, 35-50% DHA and 15-25% of other polyunsaturated 
("3-fatty acid compounds (all by weight) as well as unsatur- 
ated fatty acid compounds which are not essential for the 
invention . 
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Product (P) which contains the alkyl esters of the corre- 
sponding to3-fatty acids may be utilized as it is or the con- 
centration of EPA and DHA may be increased. 

Since the product contains only small amounts of other fatty 
acids with the same chain length as EPA and DHA, it is well 
suited for separation of the essential fatty acids, EPA and 
DHA by means of supercritical fluid extraction. 

Another method for increasing the concentration is by means 
of preparative liquid chromatography by which method a more 
than 90% purity of the essential fatty acids is obtained. 

Box 6. 

The alkaline residue (K) is acidified by means of con- 
centrated hydrochloric acid (L) to a ph =2, whereafter a hex- 
ane fraction (R) is precipitated in an upper layer which is 
separated. One may also subject the acid solution (S) to 
further extraction by means of hexane if this should be 
necessary, whereafter the hexane extracts are gathered. The 
hexane fractions (R) contain free fatty acids as well as some 
of their alkyl esters and fairly high percentages of EPA and 
DHA, but also a fairly substantial portion of C 18-, C 
20- and C 22-fatty acids with lower unsaturation. This acid 
solution contains water, alcohol, alkanol, glycerol, urea and 
other products which may be retrieved by a separate process 
which is not described here. 

Box 7. 

The fatty acid components of the hexane fraction are 
increased by evaporating hexane (H) in a separate piece of 
equipment . 

Box 8. 

The remaining solution is esterified using lower alkanols, 
for instance methanol or ethanol by means of an appropriate 
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catalytic agent (V) which for instance may be dehydrated 
hydrochloric acid, acetic acid chloride or boron-trichloride. 

The resultant alkyl ester (D2) from the fatty acid components 
(T) from box 7 may be processed in various ways, for instance 
returned to box 2 for urea precipitation of the less unsatur- 
ated fatty acids. 

Example 

To 50 kg fish oil product (A) from cod entrails (containing 
8% EPA, 11% DHA, and 2.3 % cholesterol all by weight) 400 1 
methanol (B) and 10 g EDTA Na3 (C) were added in a reactor. 
Potassium hydroxide (C) dissolved in methanol was added for 
neutralisation of free fatty acids in a quantity corre- 
sponding to a colour reaction of pH 12 on a moist pH-paper. 
Thereafter 50 1 methanol (B) were added. 

The whole mixture was subjected to stirring for 15 hours at 
20°C in order to bring about a trans-esterif ication of the 
glycerides to methyl esters and esterif ication of the free 
fatty acids to methyl esters. 

When the trans-esterif ication was complete, the temperature 
was increased to 65 - 68° C and 140 leg urea (E), as well as 
a fixed amount of methanol (B) were stirred in while being 
heated until everything seemed to be dissolved. 
Then the solution was slowly cooled to room temperature 
(approx. 20°C), whereafter a urea adduct of fatty acid was 
precipitated (F). It contained the major portion of the 
saturated and lower unsaturated fatty acid methyl esters. 

The urea adduct was separated from the solution by decanting 
and filtering according to an ordinary, known technique. 
Results 100.1 kg urea adduct (F). 
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Thereafter the solution was cooled to 0 - 4° C, whereby an 
additional 5.1 Teg urea adduct (F) could be filtrated from the 
solution. 

This filtrate (G) contained u/3-polyunsaturated fatty acid 
, methyl esters , cholesterol and a residue of unwanted fatty 
acid fractions with lower unsaturated C 18, C 20 and C 22 
fatty acid methyl esters. To this filtrate we added hexane 
for saturation, whereby a further amount of urea adduct 
(22 kg) could be separated. This hexane-saturated solution 
was extracted in a counter-current with hexane so that the 
hexane extract (I) finally made up approx. 300 1. The 
remaining unextracted solution is called (K) . The hexane 
extract was thereafter evaporated. The yield of u/3-fatty 
acid methyl ester concentrate : 10.2 kilos. 

The concentrate (N) Which contained 23% EPA , 41% DHA and 8% 
cholesterol, all by weight, was thereafter cooled to minus 
25°C, whereby pure cholesterol (0) crystallized and was 
removed by means of centrifuging during which time the resi- 
due in the centrifuge was washed with hexane with a lower 
temperature in order to remove the fatty acid methyl esters 
from the cholesterol crystals. Yield: 760 g pure cholesterol. 
The concentrated filtrate (P) contained 25% EPA-methylester, 
43% DHA-raethylester by weight based on the fatty acid portion 
and traces of cholesterol. 

The above-mentioned extracted residue (K) was cleansed with a 
solution of concentrated hydrochloric acid, whereby one hex- 
ane phase could be filtered off. Additional hexane was added 
to the batch, stirred and then precipitated. The hexane frac- 
tions were put together and the hexane evaporated. To 
■ 7.7 kilos of the remaining fatty acid and the methyl fatty 
acid fraction , 15 liter 2% methanolic solution of boron 
trichloride was added. 
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Yield: 6 kilos methyl fatty acid esters, containing 13% 
EPA-metylester, 17% DHA-metylester and approximately 2% chol- 
esterol, all by weight. 

The methyl fatty acid concentrate, containing methanol, was 
returned to the process for treatment with urea. 

With this invention it has been possible to produce a very 
pure a; 3 -concentrate of fatty acid alkyle esters, where the 
essential an ti -thrombotic fatty acid components eicosa* 
pentaenoic acid (EPA) and docosahexaenoic acid (DHA) is 
present in a strong concentration 

Further, by means of the procedure invented, it Has been 
possible in a simple manner to separate very pure and 
crystalline cholesterol. An additional product is a urea 
adduct of fatty acid components, but this is of no interest 
to the invention. 

Another advantage with the invention is that it is possible 
to produce a urea adduct based on the same procedure where a 
trans-esterification has been done from glycerides to alkanol 
esters without following the cumbersome procedure by first 
producing the fatty acids, esterify these with alkanol and 
then separate them by means of the fractionated urea preci- 
pitation . 

By following the procedure invented, it is also possible to 
avoid the formation of emulsions in the phases, and the phase 
separation is thereby facilitated during later extraction 
stages - 
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Claims 

A refined fish oil concentrate, containing alkyl 
esters of «J-3 eicosapentaenoic and docosahexaenoic 
acid, 

characterized in that 
the concentrate at least make up 25% eicosapentaenoic 
acid and 35% docosehexaensoic acid by weight, based 
on the fatty acid portion and that the refined fish 
oil concentrate also contains a rest which among 
other things consists of other unsaturated fatty acid 
compounds and that the fatty acid compounds are main- 
ly present as alkyl esters of lower alcohols. 

A refined fish oil concentrate according to claim 1, 
characterised in that 
said alkyl esters preferably are methyl esters of the 
fatty acids. 

Process for the production of a refined fish oil con- 
centrate, according to claims 1 and 2, 
characterized in that 
the fat/fatty acid fraction of the fish oil product 
is esterified and/or trans-esterified at room 
temperature with a lower alcohol in an alkaline 
environment and that the resultant alkyl ester is 
thereafter subjected to a fractionated precipitation 
by means of a surplus of urea in an alkanol. 
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and that this precipitation takes place by cooling 
the mixture to 0°C after having been heated to 
55-90°C by a known method, whereafter the precipi- 
tated urea fatty acid alkyl ester adduct is separated 
and that the remainder which now mainly contains the 
essential ai3-fatty acid esters and the unsaponifi- 
able portion is then extracted by a known method with 
a solvent for u»3-fatty acid alkyl esters and the 
unsaponifiable portion, whereafter the solvent after 
a preparatory cleansing of the extract with a water- 
soluble diluted acid is removed so that the resultant 
concentrate, together with its uJ 3 -fatty acid alkyl 
esters and unsaponifiable portion is cooled for 
crystallization of cholesterol and other undefined 
unsaponifiable compounds. 

4* Process for the production of a refined fish oil con- 

centrate according to claim 3, 
characterized in that 
the fatty acid alkyl esters are treated, with urea at 
a temperature preferably between 60-80°C, so that 
the urea fatty acid alkyl ester adduct in the main 
does not contain u/3-fatty acid compounds and 
unsaponifiable compounds. 

5* Process for the production of a refined fish oil con- 

centrate according to claim 4, 
characterized in that 
the solvent for «J3-fatty acid alkyl esters and the 
unsaponifiable is hexane. 

6. Process for the production of a refined fish oil 

concentrate according to claim 4, 
characterized in that 
the hexane extract is cleansed with a diluted acid, 
preferably hydrochloric acid. 
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7. Process for the production of a refined fish oil con- 

centrate according to claim A, 
characterized in that 
the cU3-fatty acid alkyl ester concentrate after the 
solvent is removed, is cooled to a temperature not 
lower than -25°C, whereby cholesterol is crystal- 
lized, and thereafter to -50°C whereby the 
remaining portion of the unsaponif iable compounds 
precipitates . 
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